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Introduction
RAN2#96 made the following agreements on NR 0ms Interruption HO:
Agreements
[bookmark: OLE_LINK558][bookmark: OLE_LINK559]1	The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
2	For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR
RAN2#97 made the following agreements on NR 0ms Interruption HO:
Agreements
1	We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
RAN2#97bis made the following agreements on NR 0ms Interruption HO:
=>	We will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations to target close to 0ms or 0ms interruption.
=>	We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution. Discussion of this can start when basic DC operation is more stable
=>	Offline discussion to see if there are questions that we can ask to RAN1/4 regarding intra-freq DC. (Intel, offline discussion 28)

Based on these agreements, the mobility enhancements similar to LTE make-before-break should be considered for NR as a first step to achieve 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO.
In this contribution, we compare the enhanced ‘make-before-break’ HO solution and DC based Handover solution to support 0ms Interruption during NR handover. In addition, high level views on the applicability of these enhancements for LTE 0ms HO are also covered in this contribution. 
Discussion
In regular Handover, on receiving the HO message, the UE detaches from source cell and stops data transmission on the source cell while synchronizing to the target cell. This results in data interruption of > 0ms, as per the definition of 0ms Interruption from 38.913:
7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.

This data interruption can be avoided if the UE has a link to at least one cell during the handover. Thus, the UE should  not release the link to the source cell until the link at the target cell is successfully established.
Observation 1: 0 ms interruption during HO requires the UE to maintain the link to the source cell until the link at the target cell is successfully established.
LTE R14 MBB HO mechanism is based on maintaining simultaneous connection to the source and target cell during HO. However, it has the below limitations and is not an optimal solution to achieve 0ms Interruption HO: 
· Does not clearly specify when UE can switch from Source to Target eNB for DL/UL data transfer
· How Single Stack LTE UE can maintain simultaneous DL/UL data transfer with Source eNB and at the same time configure & switch L2 stack from Source to Target eNB without any UP interruption 
· limited only for Intra Frequency, Synchronous and same bandwidth carrier frequency for both Source and Target eNBs
· There is no clear mechanism defined for how long Source eNB will continue to transfer DL data during HO execution
· How DL Data transfer can be handled without interruption (& reliably) during PDCP Anchor switch from Source to Target eNB 
This contribution is primarily addressing the enhancements to the ‘make-before-break’ solution to achieve 0ms Interruption. NR signaling procedures for the Inter-gNB-CU HO scenario are provided in this contribution to cover the complex case where the PDCP Anchor changes and thus the security keys change due to mobility (relevant for LTE as well). 
It should be noted that the signaling procedures for achieving 0ms Interruption during an Intra-gNB-CU HO would be similar to the procedures described in this document, except for the PDCP anchor change would not happen and thus the security key change is not relevant. Other than that, the key observations and proposals made in this contribution apply for Intra-gNB-CU HO scenario as well. 
There may be some UE implementation challenges associated with achieving the 0ms Interruption for the case of Intra-Freq HO and Inter-Freq HO scenarios. However, we think that the signaling procedures described in this document would not change much for these scenarios. 
Enhanced ‘make-before-break’ solution –Inter-gNB-CU HO
The call flow for enhanced HO procedures using the ‘make-before-break’ solution for an Inter-gNB-CU HO is shown in the figure below. 




Figure 1 Enhanced ‘make-before-break’ HO procedures – Inter-gNB-CU HO
Below are the key enhancements to the HO procedures to support 0ms Interruption HO:
· At step 4, on receiving the ‘make-before-break’ HO indication, UE maintains the connection to the source cell even while establishing the connection to the target cell. That is, the UE can tx/rx data via the source cell between step4-6 without any interruption. And after step 6, UE has the target link available for data tx/rx similar to the regular HO procedure. 
· Once the connection setup with the target gNB is successful, i.e. after step5, UE has one PDCP entity, dual RLC/MAC/PHY stacks shared across the source and target links. After step 5, UE transmits the UL data on the target cell similar to the regular HO procedures using the target gNB security keys.  However, UE can receive DL data on both source and target links simultaneously before source gNB connection is released. This could happen if the source gNB retransmits the PDUs not Acked by RLC or duplicates the PDCP PDUs sent over Xn to the target gNB. Thus, the UE needs to maintain the security context for both source gNB and target gNB until the source gNB release request is received. UE can differentiate the security key to use for a PDCP PDU based on the RLC/MAC/PHY stack from which the PDU is received (Shown in Figure 2 below).
· Also, UE can transmit a PDCP Status Transfer message to the target gNB as soon as the target link is setup (at step6), to assist the target gNB PDCP entity with reordering.
· UE releases the source gNB connection as per the notification from the target gNB. This makes the UE behaviour deterministic and provides flexibility on the source gNB release trigger events to the network implementation.

Observation 2: HO procedures can be modified as follows to enable 0 ms interruption HO:
· Source cell indicates the UE to follow ‘make-before-break’ handover procedures in the RRC Reconfiguration message sent to the UE.
· UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Target cell sends a source cell connection release message to the UE, once the data is being successfully delivered on the target connection.
 


Figure 2 UE/ Network stack and data flow - Enhanced ‘make-before-break’ Inter-gNB-CU HO
Observation 2 above can be adopted for LTE as well to enhance R14 LTE MBB HO signaling procedures to meet the 0ms interruption HO requirement for a UE that can communicate simultaneously with both source and target eNBs using dual L2/L1 stack. 
DC based solution - Inter-gNB-CU HO
The call flow for DC based HO procedures for an Inter-gNB-CU HO is shown below. 



Figure 3 DC based HO procedures – Inter-gNB-CU HO
As shown in the figure above, the DC procedures require the below changes to support the 0ms Interruption HO:
· When the handover preparation conditions are met, the source gNB adds the target gNB as an SN. It also sends a RRC reconfiguration message to the UE to configure the SCG and change the bearer to an MN terminated SCG bearer in step 4. 
· UE can tx/rx via source gNB(MCG) while it is establishing connection to the target gNB, i.e. between steps 4-7 without any data interruption. 
· And after step 7, UE has one PDCP entity, dual RLC/MAC/PHY stacks shared across the source and target links. As the PDCP Anchor is still at MN (Source gNB), UE transmits the UL data on the target cell RLC/MAC/PHY similar to the regular HO procedures but uses the source gNB security keys. UE switches from the source gNB security keys to the target gNB security keys after the role switch of SN to MN happens at step 14.
· UE transmits an additional RRC Reconfiguration Complete message or could be a MAC CE to the target gNB at step 8, to assist the source gNB with the switch of the DL bearer from MN terminated MCG to MN terminated SCG. 
· After step 9, UE can receive DL data on both source and target links simultaneously, i.e. via the MN terminated MCG and MN terminated SCG bearer, till the source gNB connection is released. This could happen if the source gNB retransmits the PDUs not Acked by RLC or duplicates the PDCP PDUs sent over Xn to the target gNB (shown in Figure 4 below). Thus, the UE needs to maintain the security context for both source gNB and target gNB until the source gNB release request is received. 
However, the identification of the security key to use for a PDCP PDU is not straight forward for DC based HO due to the split bearer approach of DC. UE cannot differentiate the security key to use for a PDCP PDU purely based on the RLC/MAC/PHY stack from which the PDU is received. One possible solution is to make changes to the PDCP PDU header to explicitly indicate the security key to use for the corresponding PDCP PDU. 
· As source gNB is the MN, source gNB controls the UE behavior on when to switch the role of SN to MN and when to release the source gNB connection instead of the target gNB. When the source gNB decides that the target gNB link is strong enough, the source gNB performs a Role switch procedure, i.e. switching the SN to MN, as shown in steps 10-15 of the call flow. Role switch procedures are additional procedures that have to be added to DC to support DC based HO. 
Observation 3: DC based procedures as specified below can be used to enable 0 ms interruption HO:
· When the conditions for handover preparation are met, Source cell requests the UE to add target cell as SCG.
· UE maintains the connection to the source cell as an MCG while establishing the connection to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Source cell performs a role switch procedure with UE to switch the SCG (target cell) to MCG first, and then release the MCG (source cell), once the data is being successfully delivered on the target connection.

 


Figure 4 UE/ Network stack and data flow – DC based Inter-gNB-CU HO
Observation 4: Enhanced ‘make-before-break solution is the preferred solution for 0ms Interruption HO compared to DC based solution for both LTE and NR because:
· Specification impacts are much smaller for enhanced HO procedures and more aligned to the intent of the procedure.
· Enhanced HO is more aligned to the LTE MBB solution and simplifies the data processing on the UE.
· For a DC based HO, changing the role of MCG to SCG and then releasing the SCG requires additional changes to the specification, since DC was never intended to enable HO in the first place.
· Using the DC based procedures for HO need a deterministic way for the UE to identify whether the DC is for HO or a regular DC to optimize the data processing. 
· Also, LTE DC feature is not deployed by any Operator yet and is designed for extending carrier aggregation to Inter eNBs operating on different frequencies, i.e. for Inter-Freq scenario only.
Proposal 1: Use the HO procedures enhanced to support ‘make-before-break’ as the solution to achieve the 0ms Interruption HO for both Intra-LTE and Intra-NR handovers for a UE that supports simultaneous Tx/Rx with source cell and target cell during HO.
Proposal 2: HO procedures are modified as follows to enable 0 ms interruption HO:
· Source cell indicates the UE to follow ‘make-before-break’ handover procedures in the RRC Reconfiguration message sent to the UE.
· UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Target cell sends a source cell connection release message to the UE, once the data is being successfully delivered on the target connection.

Proposal 3: FFS if the 0ms Interruption mobility is feasible for both Intra-Freq/inter-frequency handover.
Summary
Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:

Observation 1: 0 ms interruption during HO requires the UE to maintain the link to the source cell until the link at the target cell is successfully established.
Observation 2: HO procedures can be modified as follows to enable 0 ms interruption HO:
· Source cell indicates the UE to follow ‘make-before-break’ handover procedures in the RRC Reconfiguration message sent to the UE.
· UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Target cell sends a source cell connection release message to the UE, once the data is being successfully delivered on the target connection.

Observation 3: DC based procedures as specified below can be used to enable 0 ms interruption HO:
· When the conditions for handover preparation are met, Source cell requests the UE to add target cell as SCG. 
· UE maintains the connection to the source cell as an MCG while establishing the connection to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Source cell performs a role switch procedure with UE to switch the SCG (target cell) to MCG first, and then release the MCG (source cell), once the data is being successfully delivered on the target connection.

Observation 4: Enhanced ‘make-before-break solution is the preferred solution for 0ms Interruption HO compared to DC based solution for both LTE and NR because:
· Specification impacts are much smaller for enhanced HO procedures and more aligned to the intent of the procedure.
· Enhanced HO is more aligned to the LTE MBB solution and simplifies the data processing on the UE.
· For a DC based HO, changing the role of MCG to SCG and then releasing the SCG requires additional changes to the specification, since DC was never intended to enable HO in the first place.
· Using the DC based procedures for HO need a deterministic way for the UE to identify whether the DC is for HO or a regular DC to optimize the data processing. 
· Also, LTE DC feature is not deployed by any Operator yet and is designed for extending carrier aggregation to Inter eNBs operating on different frequencies, i.e. for Inter-Freq scenario only.
Proposal 1: Use the HO procedures enhanced to support ‘make-before-break’ as the solution to achieve the 0ms Interruption HO for both Intra-LTE and Intra-NR handovers for a UE that supports simultaneous Tx/Rx with source cell and target cell during HO.
Proposal 2: HO procedures are modified as follows to enable 0 ms interruption HO:
· Source cell indicates the UE to follow ‘make-before-break’ handover procedures in the RRC Reconfiguration message sent to the UE.
· UE maintains the connection (i.e. data tx/rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell.
· UE uses the target cell connection for sending UL data once the target connection is successfully setup.
· Target cell sends a source cell connection release message to the UE, once the data is being successfully delivered on the target connection.

Proposal 3: FFS if the 0ms Interruption mobility is feasible for both Intra-Freq/inter-frequency handover.
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